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l,iODERf WLA:NU FACTlIR I G E Q TI? 'I1E.T1' 0F THE 
~RK S T HE INKEL AIRPLA~E WORKS* 
By A . Th or ma nn an d ~ . Jock isch 
This r eport contains a d e s cription of ne w methods of 
fabrication, n ew equipment , and s p ecial tools, wit h a view 
to supp l y i ng data fo r desi gn from ec on omical po i nts of 
view, as well a s to s tLnulate the int e res t of other fac-
t ori e s in i mp r oved shop ue t h ods . 
I . / ETH OD A-.J TOOLS FOR CHA.-GI G T~{E SECTIONAL SHA?E OF 
LI G~T-ALLOY AD S EEL TUBE S 
The inception of t~ c meth ods dates back to t he deman d 
mad e about t_ree y e a rs ago to bring about some sort of 
stand ard izati on in the tubu l a r a tt a chment fittings of 
li gh t - metal tubes with a vi e w to quantity p ro dlc t io n and 
i nte rcha n .eab il it y of design . This aiill WEl.S ach ieved 
thr ou.gh certain re fine e nts of the old : e tho s e p loyed in 
t he manufa cture of suc h tub i ng ; na~ely , e p a nsion of t he 
i ns id e di a met er wi t 1 a ;nand~~ or reduction of the ou.tside 
d i a in e t e r b ;y- me a n s 0 f a d r ~i~ S'; die . Wh i 1 e bot h op era t ion s 
cann ot be made si multaneous l y by this method , h i ch is na -
bi tua l i t h ~einkel , the out si d e dia me ter ca n , however , be 
r educed f irst I sa y , ani then the i n side diarr:eter given t h e 
de s ired dime sions . I n contrast to the d raw ing p r ocess, 
t he r e i s no waste of tub ing when s:aping the end , since the 
tube its e lf is n ot drawn th r ough th e die , but the d rawplat e 
i s pushed over the tube I w11i ch i s firml~r cla!llp ed i n its un -
c ~1an g e d pa rt . This net~1.o d i s ter i c d olltsiie dr a in (or 
co nt rac tion) . I f t he raw :-' a ~e i r eplaced ty a mandrel , 
t ho tub e is d rawn from the inside (or expanded) . 
So fa r as the const r uction at all permits, on ly the 
d imensio ns specified f o r g ra de 11 (!SA ) are required. Since 
* III euere Fer tigun:;sm i ttel d er Er nst - HeL A:e l- .?lug z eugwerke 
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the manufacturing to l erances of tubes in their absolute 
value a re smaller than the permissib le de p artures (up or 
down), tubular shafts requ ire only outside drawing (con -
traction) and tube holes only inside drawing (expa n sion). 
If g reater accuracy (grade 8) is s pe cifi e d, a change of 
s hape is effected in such a manner that, by outside draw-
i ng the expansion is effected first and, by inside drawing, 
the contraction first . Bot h p roce sses are effected in one 
ope ration throug h suitable arrangement of the tools. 
T~e di mensions of the tools must be so determined 
t hat the size of the suosequently drawn tubing remains 
with i n the desired li mits . Owing to the elastic spring -
back of the material, the tool dimensions do not agree 
with the nominal dimensions of the p iece of work . For 
higher require ments on accuracy (grade 8) they are deter -
mined empirically~ whereby material as well as diameter 
a nd wa ll thickness must be considered soparately . 
The desi g n of the drawin g tools is conceivably simple 
although the tools do make severe demands on the qua l ity 
of workmanship as regards surface, accuracy, and wear re -
sistanc e. (He r e the p i oneer work was periormed by the 
C . H . Bernhardt Spe cia l Tool factor y , Dresden, and the 
success of the method i s i n a large ffieasure due to their 
efforts . ) The operation of t h e tools is shown in figure 1 . 
For inside drawing (or expand ing) to Di dia me ter 
H II, only a mandrel is used; for outside drawing (con -
tracting) to Do diameter h 11, a drawplate is sufficient . 
For more a ccurate (inside e xp andi ng drawing), say, to Di 
diameter H 8 , the mandre l i s followed oy a drawplat e, 
which first reduces the d i ameter from the outside ~ o that 
o n retur n of the too l the mandrel give~ the desired inside 
di ension . For out s ide drawing (contracting), as illus -
trated in fi gure 1, the process is, of cours e , reversed . 
The subsequent drawin g of the tube ends is appropriately 
made on a vertical hydraulic p ress, which offers the sim-
p lest solution for smooth ope ration and satisfactory lu-
brication of the too l s . A drilling-oil emulsion ( 50 p e r-
cent) is used . 
The workin~ speed should not exceed I m/min, to al l ow 
the material sufficient time for form changing. For the 
starting and return movements , the higher speed easi l y ob-
tainable with hydrau l ic presses i s useful a nd therefore 
recom mended for econo mi ca l reasons. 
I 
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The p re ssures necessary for the drawin g of thin-
walled tubing common l y used in airplane design ran g o up 
to about 2 tons . 
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E ~D loyed for shaping the process is the sa me as for 
drawing , thoug h the nece ~ sa r y pressures may,1opending on 
tube diameter, wall thickness, and degree of contractio n , 
as su n e v a lues app roachi n t~ e stability of t he ori g inal 
tubu . By dividing t h e co n traction process into several 
sta g e s i n terspersed wit l eat treat ment, ver y elaborate 
f o r ill ch a n . es can be effec t ed, 
I n new constructio n s it is fr eque ntly necessa r y to 
find t h e p re ss~re required for a cert a in co n traction in 
a d vance, so t hat a decision IDay be made as to a particu-
lar machine and th e nu~bo r o ~ n ecessary stages . To fol-
low thi process mathe ~at ically i s ver y difficu lt and the 
a tt ack of this problomby sorne co mp etent part y is ear n est-
1 :' desired . For the p res ent :Iei nke l follo s a for mula 
w h i c h , i nth e e xp lor e d cas e s va r i e s < 1 5 p er co n t fro m t 11 e 
experi men tal val u es : 
wh ore 
F 
P is co ntra c t i n~ [ r eSBUre (k ) 
k , ma t or i a 1 co n s t a 1.'. t 
D 
d ' d e gre e of co tractio n 
~ , co efficie n t of f r i ction 
rr 0 . 2' 
.J, d, and s in mm (c f . fi g . 2) . 
()O . 2 
Th e ~at e ri a l co n s t a n t k ra n~ es a ro un1 1. 6 f or t ~ e 
t ools u s ed oy He ink el . Th e desi hn of the tools is ~ ov­
e r n e J b y t he a n I e of co n tr a ctio n a a n d the p robab l e co-
effici er. t o f fri ct io n . ii i t pre ·iet e r oi n ed d or re e of con-
tra ction, the co n tracti ng p ressur e is condi t io nal on th e 
f a ctor ~in _~.i~ Thu s fi gur e 3 sh o"l"s t h e influ e nce 
Si ' l a cos a 
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of t h~ c on tr a c tion an g le o n t he co n tra c t i ng p r e s s u r e fo r 
diff e r e n t IJ. . 
Th e h i g h su r f a ce pressu r e s r ul e out f l u i d f r ic t ion 
( IJ. ; 0 . 2) . Th e b es t c on t rac ti n g a n g lo , e v e n wi th r e g a r d 
to fo r m ri g i dity wa s fOU l d to be a = 1 5 0 . 
The l i mit va lu e of the de g ree o f c ontraction fo ll o w s 
f r o m tue c on d it i on 
\ 1 ( II 1 
( 1 + --~- J - - --- - --- k 
si n a / 4 cos a ( D 
1 
whe r eat t h e p r essure o f con t r ac tion woul d be c o me e qua l t o 
t h e c ru sh i n g l i mi t of t ~ e t ube . I n p r a c ti ce the di a met e r 
is c o n tr a c ted i n s tag e s of 1 0 mm ; for t ub e dia mete r s of 
l es s than 30 mm , the s ta ?, es are 5 mn . To a voi d waste o f 
alu~inum t ub in g , the c o l d ha r de n i n g caused by c ontract i n g 
is r e mo v e d a f ter e a c h st ag e b y h ea t treat en t . Even tuo e s 
co n t r ac te d in one stag e o n l y a r e g ive n a f ina l heat treat -
ment . Only a fte r - d r a wn t u bes , t h at i s , those whos e n o mi -
na l dia me t e r has n o t ,b e e D c a ng ed , ar e e xc l u ded fro m h e at 
treat me nt . Du r in g t h e co n tr a ctio n process t h e or i g inal 
cross - se c t i ona l a rea o f the t u b e is n ot a l t o ~ ethe r p r e -
s erved , sinc e p a r t of t he mate r i a l f lo ws i n t h e d irec ti on 
of t he t u b e a x is and s o l en g t h e n s t he contracted t u be . 
Th e r educt i on in a rea a p p r ox i ma te l y follo ws t h e e mp i r i ca l 
for mula : 
F - F 1 2 
F 
1 
Su b sc ri p ts 1 a n d 2 
eters b efo re a nd a ft e r fo r . 
Dl - D2 
0 . 4 --- --
Dl 
r efer t o t he areas and dia rn-
c:r~ a n g e ( f i ...:. ' 4 ) . 
Tu b e s or an y o ri g i n , p ro vi d ed t h e mat e ri a l a n d d i-
mo n s io s a r e a p proved f o r a i r p l ane c on s t r u c ti o n , a re s u i t -
a o l e for a ft er - d r aw i n . ~ccordi ng t o th e inv e sti gatio n s 
in t he Heink e l shops o n co a r s ~ recrysta l l iz a t io n in th e 
col d - s hap i ng of li g h t a l loys , ho wever , d uralumi n t u b e s ar e 
n o t sui t ab l e f o r e xt e n ded f or m- c h an g in g unless t h ei r 
struc t ure is fi ne - g ra in e d . 
The exp a n d i n g p ro ces s i s s i mi l ar to the contr a c ti ng 
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p r oces s . Duralurnin tubi ng c a~ a lso b e exp~nle~ i n orig-
i n a l c on d i t ion ( air c r aft rna t e r ta l 3 11 5 • 5 ) up to. 8 pe r c e n t 
o f its dia met er • . Contracted or expa.nd.ed tub e s can bo 
s Ubse que n tly d rawn with tolerances t:..p t o grade 8,in the 
same wa y as tubes in the origi~al condition . 
Tne p rope r preparat i on within t he sp e ci fied toler-
ances of the tube ends is al ~ost exclusively carri ed out · 
in the cited manne r by co ld - worki ng, whether the t ubes a re 
of light meta l or s t ee l (VCN , Cr-·~o) . ·It W.:lS natural t o 
a pp l y tho. same method t o the c a l ibration of tubes of 
greate r lengths ; fi r~t , in or d er to adap t tubu l a r shafts 
for rece ivin." lev e r s , bea r ings , etc .; SG c ond , to obtain 
cyl inders of th inner a I ls than are obtainable by ma chin-
i ng . Undoubtedly' , t h e tubin.., purc:nasel fro :o supp l y 
h 'ou8es is accurate enough , but f r om t _e po i nt of vie of 
stock-ke ep i ng tt is desirable to et aloI g wi th the Com-
mon co mme rci .:l l products ~nd to do the necessary r edra ing 
in 0 n e 1 sown sop . ;-;~ e tools r e qui r (' d for t h is are 0 f the 
s· n ,. e t y pea s for the red r ~ . i n g 0 f ~ u bee n d. s . Al l t ha tis 
nece ss ary is the p oper cont 01 sO that the fluctuations i n 
w.:lll thickness occur r ing in the co muercial t Jes do not 
lead to .r eje ctions . As .it pe rtain~ to long ork, the too ls 
are clamped in a orizontal hyd raulic m.:lchine of special 
design . The lubrication is assured by pressure pump . The 
chief r eqUisite for an uno"bje ctio nab le Lnis 'l of the pie ce 
o f wor~ a nd ca re ful t r eatment of the tools is the scrupu -
lou's r emoval of d'rt and rust frO;l the tu e s before re-
drawing . 
Drawn cy linders are spot - welied onto the c y li nder 
bottom . A cylinder of this kind of 60 mrn dia~eter a~d 1 
m:n gago .r - :.fo st oel tU'Ding withst'Jod a inside p r essure 
o f 2 80 a t m, - e q il i val e ~1 t tot 11 est en t 11 0 f t ~1 e rna t e ria 1 -
an d ev en then the ~ eld remained unda l aged . Figure 5 il-
l ustrates tne experime~tal cy1in er afte r ~achin i n . of~ 
tne collar 01 tne botto n of the cylinder for a study 0 
t h e wel d . Cyliniers of t ~ is type offe r considerable ad-
vant ages bot h as regards wei Ght as well as economy . 
Ow ing to the temperature irop at tli g h altitude the 
op eration of airplane controls i s ? referably acco plisned 
'lith rods of materi al of the sailie lieat expansion a e used 
for t~le fuselage and t ' le win g s . ?or t h i~ p'.lrpose espe -
cially , the contracti~g process offors rreat advanta~es 
b ecause it makes it possib18 to ?ive t~e push- pull control 
r ods , whic~ are pr i mar'ily stre ssed in buc~lir;.~. a struc -
turally beneficial shape , ' so that the ir ands require less 
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space fo r open i n~ s, etc . The nu mber of str uc tural part s, 
while pr eservin g standardi za tio n , ca~ be r e duced by roll-
i ng in the th rea d in the c ontr act ed end . This possibil i -
t y is th e re sult of the thickening of the wal l on con-
t r act i n g , a c cor d. i n g t ci the p re v i 0 u sl y cit e d for ,nu I a • 
A p articularly expedient s o l ut ion is afforded by the 
use of contracted push ro ds with roiled t h read in combi -
nation with the EHF eyes and a djustable e yes with self-
a lin i ng bearings (Ger ,an paten t ) , shown in f i gure 6, . In 
these the outer ring of the bearings is c6 ~bined in t o one 
with the t h r ead ed bolt a nd made of carburized steel so 
that o nl y the b ea r in g surface has th e nece s sa r y h ardness 
wh il e the thread connection it se l f r ema in s soft and can 
b e dr i 11 e i wit 11. the tub e for II sa f e t yin g II wit hap in . The 
dust p rotection of the bearing is oil and 'acidproof rub-
ber or simi lar materi a l i n form of a slidin g cover. 
Heinke l has noW accepted this method for dura i umin 
push - pul l r od~ as standard p rac ti ce a fter exha~stive tests 
had p roved the ir p r actfcabil i ty; Si x different tubes of 
1 mm g a g e with diamete r r ang i n g from 25 to 50 mm wer e con-
tracted an d fitted with M 14 X 1.5 rolled thr~ad . Th e n 
eight different tube s of 1 mm gage with dia meters r anging 
fro m 1 5 to 50 mm we r e contracted and fitted wi th rblled 
thread M 12 x 1. . 5 . T- _e Llbe s "ere tested in tension , com-
p ression, buck li ng , a.d a l te r nating f at i gu e load , and 
c h ecked for c ro ss - sectional a re a re duc tion . In addit ion , 
t h e tubing mater i a l was tested in orig inal and in finishe d 
co n d i tion . 
The lo a di ng a rrangement is shown i n fi gu r e~ 7 and 8 . 
All tubes invariably failed at the point marked 1, except 
on the 3 0 X 1 . 0 tub e with th re ad M 1 4 X 1 . 5 , whe re the 
break occurred i n section A . 
Table 1 contains a co mpilat i on of the strength test 
data ; the result of th e subsequent c~e6k is s hown i n fig-
ure 9 as mean va l ue against the correspond ing t~b es. 
Fi gures 1 0 a nd 11 sh o w th e e xpe rimenta l tubes after , buck-
lin e:; . 
The tubes i ntended fo r fatigue-testi u v were lo nded 
to ge ther TI ith the e ye and adjustab l e e y e te r minals, acco rd-
in~ to figu r e 6 . Th~ee 2 0 x 1 tubes ~ith M 1 2 x 1. 5 
thread , twice ' with a nd once wit hout check nut were , sub -
j ected to a load o f P = ~200 k g at n = 82 stress rever-
sals pe r mi nute . liTo strain , cracks, etc . , we r e noticed 
after 1 00 , 000 stress rev e r sa l s . 
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Two 25 X 1 t ube s with M 1 4 X 1. 5 t hread , once ith 
and once wi thout c heck nut d is clo, ed no si g n of fail ur e 
at 1 00 , 000 stress reve r sals . 
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Siy the sa ine met ho d were investi gated: two 40 X 1 
tubes with M 12 X 1 . 5 t h rea d und er ~400 k g load, as we ll 
as t . 0 50 X 1 tubes with ~ 1 4 X 1 . 5 thread unde r ~600 kg 
load . Neither case d iscl osed any t hing ob je ctio nable aft -
er 1 00 , 000 stress reversals . 
In fi gure 12 two pu sh rods of the sa mo size ( 35 X 1) 
and ide~tica l attachment fittin g (pi n : 8 mm diamet er) aro 
c 0 '11P a r e d • By fo r ego i n ga ll con t r ac t ion the sa mp 1 e wit h 
inser ted p iec e \7 0u ld appea r even p l '-,.mpe r than th e new v e r-
sio n . 
Tne succe s s ~ith the pu s h rod pro~pted the a pp lica-
tion of the met hod of co ntrac ting the tub es a nd roll ing-i n 
o f t l e t hread t o other struct ral parts , such as a dju st-
abl e struts of 55 X 2 c : romi um- mol ybdenum steel tubing . 
But , owi ng to t he h i i; h stress of the tools, it is i mp os-
si b l e to roll a thread s ma ller tha n U 25 X 1 . 5 in steel 
tubi ng . For roll ed fe ;lale Ll ead in duralumin tubing , t h e 
l ower li mit is :l 1 2 X 1. 5 . 
Th e contrac ting p rocess ca n be carried farther , so 
.t ha t s ma ller thr e ai-cutting beco mes pos si b le . The Heink el 
Co mpany, fo r exa.nple , uses a turnbuckle s h runk f r oill 1 5 X 1 
duraluillin t ubing to 7 . 9 m ou t si d e dia mete r and fitted 
witl1 \1;) fe male t hr ead , I t~ fa ili n ,"= l oad was 892 kg , ac-
cor din~ to tensil e te sts . r~e s tr e n g th of rolled threa d 
is , as is kn o ~n , 15 p er c e nt h i g h er than the thread cut by 
c onvent i ona l met hod . 
Toolf-\ similar t o t 'lOse used for contraction t a ~ e ca re 
' o f any necessary fl ang i n g . On e such flange p resse d on to 
a 30 X 1 dura l u mi n tub e for the purp ose of holding a spring 
wi th stoo d a failin g loai of 2 , 350 kg . _h e break occurred 
i n the u n stra ined tube , figure 13 . 
Su ch a flan g e can bo co nt inued ani put on t he inside, 
as illustr ate d in the hand le, figuB 1 3 . T~e f luting also 
was ef f ected by d r awp l at e. ~ollo . ir g tl e contra ction and 
c a libr ating of the fitt ing e nd , t ~e gri p porti on is 
f lang e d , co ntoured a nd flatte n ed to co nf or m t o t he turni ng 
motions of t he hand . 
Exp ansions a n d co~t rac tions of ever y kiri d , sy~metri-
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c a l o r asymuetrical 
fe as io l e . 
it h t he axis o f the ori gina l tuDe arc 
II . SKIN RIVETING 
The Cu st omar y Ri ve tin g ~e t hod s , 
R ~ ng e of App li cation, and Sp e ci a l Tools 
The ,de ma d for p e r fectly smooth sur fac e s , for aerody -
namical reaso ns , h as led to a l' u lti p lici ty of rivetjng 
meth ods . After suff ici ent eX:[l erience :a.D.,d oe en accu mulated,.. 
the need for so me k ind of s tan da rd iza ti on i n riveti ng meth-
ods and shop pra ctice b ecame i mp erative. 
I n the appended tabulation , fi gu re 14 , the riveting 
meth od s ' usea oy Heinkel nre, !';o far a s t ley have not as 
y e t oe en included in th o st a tdar dizat io n , i ni icatc d oy the 
l etters x, y , and z . 
The most imp ort an t types of riv e tin g for cover i ng 
l a r g e surfaces are : mu s~roo m head (p ) and flat , counter -
sunk rivetin _, with i mp led sheets (F S x) . As re gards 
s trength , Dot h ar e aoout equa l . Economy and quali 't y of 
wo km~nsh i p depend upon typ e a nd de g re e of ~c cessioilit y . 
The fol l owi~~ data serve for thoir appra i ~a l: 
1. iAush roo w- Head Riveti ng (p) 
T hi s 1 end sit s e l f t 0 ha n -:1 a i1. rl rna chi n e 0 pe r a t ion , fig -
ure 1 5 . To assure a satisfactor y closing he a d , rivets of 
finer t ha n standard length gra duat ion a re used ; cutting -
of f t her efore is usua l l y i n evi t abl e . ~o reove r , stnce ve r y 
sho rt rivets ar e di fficult to i nse rt , the patented mus~-
ro om- head ri ve t-s et tool (f i I S ) is erployed for machine 
operations ; it cO iiloincs the riv et shank-cut ti n g too l, the 
pulling - tight or d i mp li ng t oo l, a n d tne dolly ; henc e the 
lo ss of time due to changin g of tools is a winimurn . Afte r 
t h e rivet is pulled ti ~h t , the free shank is cut to its 
e xact length oy ~he la te r a ll y disp osel t on g s . 
30wever , thi s typ e of a c h i ne -r ivet i ng requires ade -
qua t e clearance in rivet a xis dir e ctio n , si nce any devia -
tion of the hamno r axis toward ti.l e rivet axis, say due to 
slo p in g or nong shape of the s na p , re sults in defective 
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work . On the other hand , in fuse l age r iv e tin g , the con-
tinuo u sly changing pos i t~on of th i s axis is subordinate 
b ecause t he snap is cor r ectly u i ded by t he r ivet ~ead . 
Another advantage of this rivetin g method is that by 
form i ng the closing head as a flat . flush h ead it b e comes 
practica l ly i mp ossible to spo il the r ivet . 
For driving mushro o ~ rivets b y hand the s nap holding 
t n e ri v et head can be the wr on g shap e, since it merely 
r epr e sent s a shoulde r of the do ll y . For this r eason , 
t h is met l od is a pp l ic a ble even in p laces not readily ac -
cessib l e ; but it is expe ns ive and should be used only in 
s fje cia l cases . For i stan ce , it takE1s less t i me to drive 
sing le mushroom r ivets by hand tha n to use a rivet ha mm er 
for heading individual F S x . 
I n such cases a doll y with e l astic wass is e mp loyed 
which positively p revents the snap from j umping off the 
r ivet head (fi g . 17) . 
2 . ?lat , Coun te rsunk Ri v etin g with Di mp l ed Shee ts (F S x ) 
Qn ly ma chine r iveti .:l,,,- he process f or this is il -
l ust rated in fi~ur c 1 8 . Given read y acc essibili ty on a p -
proxi ' ately u p ri g ht sllrfaces, t _is illetnod is about as 
fast as mushroom rivetin; . B~t for overhead or slan ting 
usc of the d olly. as in fuse la g e riveting , for exa mp le , 
t he t i me involved a r d t h e dan g er or inferior wo rk mansh i p 
are g rea t e r , s i n c e t h e for mi n g 0 f t 11 eel 0 sin he a d ( F ) 
cann ot be watched as clos e ly . I n cas e of restricted ac -
cessibil i ty , th e F S x macn i ne met hod. is d efinitely su-
perior ; the Tequisite do lies are adaptable to al most any 
form an d co mpara tively .ea y to fabricate . Fi",ures 1 9 to 
21 show various 1011i es fo r rivetin~ in p l a ces not readil y 
acc e ssi le o 
The rivets ar e in s orted from t e olt s i de , thus elim-
inR-tin e; the irkso me t a k of t l e "t h reading . II It i s not 
advisabl e to use th e 10 e r li - it o f accessibility gi ven 
i n figure 1 4 any illo re t ha n is absolutely nece sary. be -
cause working with the n ecessarily thi~ and light d olli es 
i mp oses added exertions . 
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3 . Flat , Count~r sunk Riveting with 
Counter s unk and Dimpled Skin 
(F S y/F 'and R/F S y) 
Thi s 1118 t hod is used wben the maximum she et thickness 
or the max i mum g ri pping l eng t ~ s for P a n d F S x are ex -
ceeded . r h e differe n t operatin g stages are illustrated 
in .figures 22 to 25 fo r flush r ivets and fo r mushroom-
head rivets , once with co unter . inki n~ be gin nin g at the 
thick e st s h eet and t}en with co un ter s inki ng beginning at 
the third sheet . F S y / F in conjunction wi th F S x is 
primaril y a mach ine me tho d , while R ! F S y i n conjunc -
tion wi th P l ends itsel f to eit he r macbino or hand oper -
ation , depending u p o n accossib!lity. 
4 . F lu sh-Riv e ting Di l':1.p l ed Hol es a nd. Driven-In Sheets 
(R/F S z ) 
g~£~iL£.ting ~1L: The p rocess is i l lustrat ed in 
fi gu ro 26 . Sta l dard ha l f - round riv ot heads are head ed 
wit h flat dolly . Tb e sheets a r e neithe r coun t e r sunk no r 
dimp led but forced into the oqua lly def J rm i ~ rivet h ead 
b y f lat d ri ving of the up se tti ng mu s~room o r b a rrel - shaped 
closi ng head . P ro p erly e x ecuted , t b e stre ~g t h of t his 
rivet joint will be suffic ient , but sir. c e it is i mpossib le 
to ch ec k t he qua lit y of workman sh i p on the f i n is h ed pi ece 
(clo s ing ~ e a.1 too flat ! ) t ~ lS ! et hod s ho uld be abando n ed 
in favo r .of P or F S x on all hi gh ly stressed s t ruc -
tural p arts . 
I f a conto u re d rivet h ead is desi re d , he DIN L 177 
flat, round - head ri vets ca~ be u sed in si mi lar manne r 
(F R/F S z) . Then tho fla t d o l ly i s r epla ced by a d ol l y 
with snap . 
III . AGT O WAT~C SIR I ? !NSERTIO~ t OR 
DRA ING-S~EET SE CTI ON S (pATE~r~D) 
The sections made of strip co mmonly laed in airpla n e 
construc t ion can be ro l l ed t h rough sepa r ately driv en sets 
of rolls o r e l s e be fabric a ted by drawin g . Th e rollin g 
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met ho d offers tlle advant age of continuous o p era tio n , but 
sli ght inaccuracies of t he rolls are ver y a pt t o caus e 
str ess es resulting in the rejection of the finished sec-
tions . Whe n drawn thr ough dies, tho strip ma tara l is se -
ver e ly stressed by the hard tr Qns itions and cannot be 
bro ugh t into the c omp licated f o r ms frequently spe ci fie d. 
For this r eason the Heinke l Comp any u se, ~herev er feas ible, 
free ly runni ng rolls for t he d r awing of s e ctions. Tho 
o n l y drawba ck of thi s method , t he los s o f time involved, 
i n the threadi ng of a new strip through opening and c lo s -
i n~ of the to p rolls, was ov ercome wi t h a drive for t he 
t op roll whic h oper ate s only duri ng the i ns ert i on p rocess. 
Th e dr ive i s de r ived from t h e ret u r n roll of t h e tr a cti on 
ch~in and tr ~nsmitted ov e r c ha i n dri v es to t. e top rol l. 
Tho t ra nsmi ssions are selected so as to i n creas e the 
dr i vi ng sp eeds fr om roll to roll and to maintain t h e speed 
o f th~ · tracti on c hain higher than th e d rivi ng sp e ed of th e 
las t r o ll . The in d ividual rolls are coupled a cros s a sim-
ple claw and freewheeling with t he ir mome ntrary drive , 
Thi s me thod prec l udes a ny co mpression of the sect i on 
be tw e en the individual set s of rolls d~ring the i nse r t i on 
pr oces s ; the se ct ion is c ontinuously under t e ns ion and 
the entire driving gear runs idle after the section h as 
be en g ri pp ed by the d raw carriage . 
Ev en short ~ieces of st r ip c an be economica ll y used 
u p in this mann er . The clamping device of the drawing 
c arriage is fitted to the section so t hat there is n o 
waste due to crushing , and mak i ng it possib l e t o produc e 
se ct io ns of greate r length, even on sho~t draw benches b y 
s ec o nda~y feod . 
IV . SILENT (PA~EL) BEATING TOOL 
Desp ite the great p rogress made in the automat ic 
shaping of sect io ns into fra ~es , e tc ., it is not always 
poss i ble to avo i d manua l s h a pi n g ope r at io ns in airplane 
construction . The co ve ntiona l pneumatic drop hamme rs 
u sed for t hese operatio n s have be e n for years a menac e 
to the healt h of the worke r s , quite a part from tho effects 
of the p enetrating no i se on the ne rv es of all other work-
e rs i n the shop . Conside r ation for tho welfare of the 
e mployees has at last p ro mp t ed the use of for ces other 
than by b lo ws . It was f ound after e xhaustive studies tha t 
t h e well-kno wn acti on of t he to gg le l e v er p r e s s promised 
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qu i ck est re sul t s . And t h e very ~irst expe ri me nt a l 'machine 
d ev elop ed on t l is p rj.Ecipl o p rQ.ved succes s'f u l . The. necos-
s ar J s h a p in g tools ' themselves re mai n ed ati be f ore. Th e 
dri v e g i v es t ~ e upp er tool holder a stro k e o f 1 . 2 mm with 
a f requ en cy of 700 blows ~ er minute . . Tho action of ~ h e 
i nd,i vidual pr e ss L), res is co n trolled "by t he spa cin:g of t h e 
~ wo t ool~a t dead ~~enteF a~d re gul a t ed ~y vertical a djust -
me n t of t l e ."bottom tool . Th is ad 'j ""J.stment i s ef fec ted by 
a si ~p l e " crew 8p in d lo wi t h foot- p awl op e r a tion . Th e ad-
.jus t in g f orce ne·cessa ry for ·thi s is moderate, since ad -
jus tment can ·h o mad e only in t h e p r es su r e -fre e part of t b e 
stroke a n d t h e end p re ss ~ res a re a bso rbed by self-locking 
of the sp indle . 
The upp er t ool b ei ng mov a bl e upwa r d a n d s ideways , t ~ e 
drawin g p ress~r e ca n b e a pp li ed at any d es ired p oi n t of 
t h e s e ction . Tl is adj us t went is obt a ine d b y s upporting 
Lle upp er tool hal or in a dou'ble eccen tric wi.1.o.se to ad -
j u ~ t in g levers are ea s il y op erab l e . Si n ce wit h a s t roke 
of o n l y 1 . 2 mm . the cl earanc e in t he ~ oi n t s woul d per mit of 
no satisfactor y op er a tion a nd cau se ' d is t1lrbing noise s , the 
u pp er tO J l h ol d er is p rovi d ed wi t h a s IL i ng of h i g'l . oscil -
lation frequ e n cy , which acts a gains t t h e d riving pressure . 
Th e fra ,ne 'fork is desi gne d f or 50-t on maxi mum p ressure 
ani fitted wi t h a sa f e t y device for 30-ton u lti mate load . 
Th e motive p oryer for t ~ i s ra nge i s 5 . h or s ep ower . Th e ma -
ch i n e no t on l y ru eet s t he re qu i r e me n t ~ as re g ar~ absence of 
noise but actually i n creases t~e quality of p r oduction con-
s i:i erably . Jerky feedi ng b y h a n d is imp o ss ibl e because - of 
t h e hi ,o- h freq'~e l cy ; the sectio n p a s s es t 2:lr oug h al most aut o-
ma t ically if tOl e s9ction is pu s~ ed ah ead steadil y , affor d -
i ng a s illooth, unifor m su rf a ce . J udged by t he e xp eri e nces 
gai n ed thus fa r , a 5C- p ercen t g reat e r output ov e r the co n -
ve nt ion a l air ha mmersi.s a n tici p at ed . Not bei ng bo u nd to 
t ho une c on o:nical co mp res s ed air, t :1.e ma ch i n e c a n al s o bo 
us ed fo r p ort ab le p lant s ; it li k ew ise elimina t es ke ep in g 
a n u mber of rarel y used for m-fi t t ing t o 'ol ~ in stock , which 
i S 0 f v i t a 1 i mp 0 r tan c e i n e xp e r i IT. en ta l d. e s i g n . Fo r i n -
sta l ce , U- s ha p ed ar c s o f 2 mm sh eet th ickn es s , wit ~ a n 80 
mill web hei ght a nd 30 mm f la nge widtl her e tof ore . s ~ap ed 
fr om sheet over for m~fitt ing t ools can b e obta i n ed illore 
ec ono mically b y driving fro ~ prev i ous l y b evel ed c ha nn el 
sec t ions . 
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V. BEAM STRAP MILL ING MACHINE 
Th e butt straps of beams usually wed g e-shaped for 
sta t ical reasons can, of course, be fabricated as a roll-
i n g mill product, but such ready rolled p lates are p rac-
tically out of the question in exp e riment a l constr u ction; 
first , becaus~ the restricted number of such platesre-
quired would mak e an order for rolling un e cono mical, the n 
t o o, deliver y could not be had i mmediately. For this rea-
s o n, the Heink el Comp any h a d t h e firm of Paul Knopp , 
Berlin S W 1 9 , deve l op and construct a milling machine 
wh ich meets t he requirements satisfactorily a nd ma k es t h e 
ted ious and at the sa me time exp ensiv e han d work alto-
g et he r supo r f luous . Plat e s u p to 1 5 mm thick ness and 150 
m~ width and o f any len th can be utilized on t h is ma chine, 
a n d any desir e d pitch fro m 1 : ro to abo u t 1:20 c a n b e 
mi lle d with t h e mec h anical s p eed reg ulator . F o r t h is pur -
po se the feed scr e w i s dri~e n over a rev ol u tio n re gul a t o r 
with ad j u stabl e s p eed . Wit h th is r egula tor t he fe ed s cr e w 
c an run for ward o r ba ck . ard o r b e l o cke d . In t he latter 
c a se, th e mill e d p lat e s will b e o f c onstan t t hickn~ ss . 
Di rectio n of rota t i on ith t h e cut g iv es tap er, a gainst 
t he cu t g ive s th e opf6 si t e e ff ect . 
The ~ill ing c u t ter op era tes at 2 50 and at 4 50 m/ mi n . 
c ut tin g s peed s . It 1:.as a two- spe ed fee d . Tne h i gner 
s t a g e 1 L/min. is for r ough i ng d own , t h e o t h er f o r f inish-
i ng . The tni ckne s s o f the c n i p p r 0pe rl y r ange s betwe en 
0 . 5 a n d 0 . 8 IDhl f o r rough i ng . The f eod roll e rs are i nt er-
cnang eable a nd ca. be ex c h an ge d f o r s e ctio n r o ll e r s . F o r 
eXBL1p le, a ngl e sec t i o n s wit h s hanks u p to 30 uo can be 
illilled . 
Sa op 1 e s f ro . t his ~1a c h i n ea r e : 
Du ra lu~ inu~ fitti n g p l a te, 4 X 100 X 2, 720 , th inn ed 
d o wn t o 1.5 mm at b o t h end s fo r a d istan ce of 200 ,n; 
A 1 5 X 12 6 X 4 ,112 m p late o f the s am e u etal thi nn ed 
down over its el tir e le n th of 1 5 ou to 2 , 5 mm. 
The fi n ished p ro duct has an u no bj ect i ona bl y s ~ooth 
s u rface an d r e quires n o fi n i sh ing by liand . 
I 
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VI . DRILLING' AND COtJTTERSINKIilTG 'TOO LS FOR 
hlOUNT I KG STANDARD PART S 
Sinall pie ces with several fitted hoLes , sueh as riv-
ete d nuts , cowlin g catches, e tc ., are nume r ous i n every 
air p l ane . Sinc e t he Doles have been la rge l y standar:d.ize d , 
the multi p l e (trill developed.. by the Heinke l COlnpany sho p s 
is very .? ract · cal . They are simp l y attached to tho con -
v enti o n al d ri lls and g i ve tho desired attachmont holes in 
ono ope r a tion ( fi g . 27 ). 
Tho cov e r s and li ds , et c ., fastened on wings with 
I' i ve t e d nut s , e tc . , mu s t , i f tho y :na v e ' to , t ra n s mit s t res s e s , 
b e r eamed or counte raunk toge t her with the ir su ppo rt in 
or ie r to assure p ro p e r contact of the bolt or countersunk 
' screw . The Hoinke l Co mpany hns developed a co un t e r s i nking 
mi lling cutter fo~ this work (fi g . 28) . The spindle i s 
- screwed in to t ho ) revio sly ri veted nut and p ress es the 
la -ers ti g h tl y togethe r . Th8 millin~ cutter turns f r eely 
around the sp i nd le and is dri v e n by an o rdina ry machine 
dri ll. The feed is maio tain e d b y a ha n d lever with ad -
j ustab l e stop . f h i s too~ affords not 'mere l y proper con-
tact of the counte r sunk s crew but also a consisten tl y 
i denti c a l depre ssio n , the ax is of which i s coincident witb 
that of the screw thread . 
VI I. TOOLS FOR CREAS iG T~Ir SHEET 
This tool simply co nsis ts o f two o r dinary stagge r ed 
ball bear ings . Faste ned to the wor~bench, it insures a 
c lean crea se of a ny l ength . F o r creas i n ~ edge fairings 
without e n lar gi n g t h e shanks or fo r creasing a~read y fit-
te d sheets " a h and - creasi n g tool had b een de v eloped . On 
it one of t he two ~o l l e r s moves on the eccentric pin of a 
c ontinuous spind le , eo that it can be adjusted accordin 
to sheet thickne ss . The t 0 guide ro ll ers themselves are 
ad jus tabl e . 
Th e same pie ce s a r e u~ed i n a ~ouni creasing too l for 
cri mp i n ~ the ed g e s of oponins s es p ecia ll y in repnir " ork . 
Si n c e t le guide rollers a re adjustable , the too l is p ra c -
tica l for ho l e s of any diameter and wi dth of crease. 
Trans l ation by J . Va nier, 
National Adviso r y Committee 
for Aeronautics . 
TAB~E I . Strength of the Exp eriuental T~bes Befo re and After Tosting - Tensile and Couure~sion Test D~ta 
Ro:l ed Thread M 12 X 1. 5 I Ie! 14 X 1.5 
T~be di aLleter ( 1 T.:m- gage) 
Length L • • 
Length L l ' • 
Tensile strength 
i n d.eli very 
s t a t e 
Tensile strengt h 
after test 
n;:l 
T.111 
er ,+ k.o- / ~ 2 0.::; '-> !iL 
er kp'/ r 8 +:3 0 ru 
er _ 0 . 2 l":.g / ITI] ;] 
er+ 1- "' /,...., '·1 8 0 . 2 "0 J.!l_ 
er + B 1':6/ tn ;3 
er 1<0'/-11 2 
_ 0 • 2 -'5 .. .1 
Nunber of heat treat nent s after 
finiship~ p r oces s 
Buckling load. . • . . • . kg 
Failing load in tension kg 
Area of break . • • . . .. J.:D 2 
erB ir •• / 2 ..... t; !"Jll 
I -,-- I I I I I 1 151 20 25 30 35/39 .9.44•8 I 50 I 
30014041500 5841 602! 6001 6021595 
17 .5117 . 5117 .5 17. 51 17 . 5117 . 5117 .5117 . 5 
I I ' 37 .7 34.0 36.0 29 . 5130 .1 30 .0130 .1131 .8 
46 .5 46.3 48.8 46 .0 44.3 45.1144.4146.1 
31.2 ,35 .9 35 ·7 32.1 35 . 7136 .0131.4 -
'28 .5 26 .2 30.6131 .8 30. 61 
43 .5 4~ . 8 41 .7 45 .3143 . 5146. 31'43.GI -
33 .912b •6 25 ·2 27 .0 ,31 .1 , - - ,27 . 3 
1 
-, I I I r----
25/ 301 35139.9 44.8! 50 
4961 606 I 599 1602 5991 603 
, 
16.5116.5116. 5116. 511.6.5 j16.5 
I 
36•01 29 .5 30.1 130.0 30.1 131•3 
48. S 46.0 4~· . 3 45.1 44.4146 .1 
35 .7 32.1 35.7 136 .0 131.4, 
I 
26 .9 /23 .1 31 .3/30.5 26 .21 -
- ,44.9 49. 5 1146.1 43 . 7 24.0 27 .S 31.9 - - 125 .4 
11 11 1[ 21 3 31 1 1[ 1[ 2! 21 3 
900111001120012050 12300112300 2475 2750 1425 1650 2450 2200[2600!3000 
900 1145011625 1270013090 3200 3310 3550 1925 2650 3050 3250 3550 3600 
26 .1 36.8 45 .7 66 .5 66 .5 173 •7 78.6 83 . 6 52. 5 60 .5 68 .2 73 .5 37 .2 87 .2 
34.6 39 .440.4 40 .4 46. 3143 .5 42.3145 . 2 36. 6143 .8 44.6 44.3 40 .8/41 .2 
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~~~_TenSion flange with 
~ llotary locking. 
Drawplate 
Figure 1.- Outside drawing 
(or expanding) tool. 
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Fi~e 2.- Contracted thin-walled tube. 
Figure 4.- Contracted thin-wall tube. 
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Figure 3.- Effect of contrac-
tion angle on the 
contracting pressure for dif-
ferent coefficients of friction. 
Section A Tensile test 
Figures 7.8.- Loading arrangement for 
buckling and tensile 
testa. 
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Figure 13. - Flanged duralumin tubes. 
Figure 29.- Hand creasing tool. 
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Construction sizes 
Maximum sheet thicknes8 8 x 
Maximum gripping length Sx 
1 
Maximum gripping length SX2 
Normal sheet thickness 
Minimum sheet thicknesl sY1 
Countersink diameter D1 
Least sheet thickness 
for aecond sheet in sY2 
flap rive t ing. (hinged plates) 
Related countersink DZ diameter 
Maximum sheet thicknesl s2 
Maximum gripping length 5z 1 
Maximum gripping length SI2 
t-: ""~~"~l 
\ J ;;;;;;;;J » h 
By unrestricted accessibility: 
(wings and fuselagea) 
Flat countersunk riveting 
FSx/F or F5y/F i 
Mushroom riveting or R/FSy 
Rivet diameter 
2 1 2.6 1 3 
1 I 1.2 1 1.2 
1.411.812.1 
2 1 2.6 1 3 
1.21 1.5 1 1.8 
1 1 1.2 1 1.5 
4.81 5.7 1 6.5 
0.61 0.8 I 1 
3.41 4.4 1 5.2 
Type of riveting 
" P Fs.IF 
If/rs, FStlr 
Thickest 
sheet 
counter-
sunk 
Counter-
sink 
start 
3rd 
~ 
z 
· > 
· n 
· Dimpled ?-
sheets ~ 
(x) 0 
g 
.... 
o 
lit 
~ 
Counter- ~ (I) 
sunk EI o 
"1 
~ 
i 
sheets 
(y) 
and 
flat Z 
countcr- 0 
· sunk C·) 
sheets FJ 
11" I sheet 
I I I I ~)}. :";;:::r-" " " "rstr Hlrs (SIrs" Bunk: __ +-___ _ 
0.61 0.8 1 
1.41 1.8 2.1 
.. ; 
1 I 1.3 1.5 
~ ~ 
On closed sections. 
adjoining walls. etc. 
Rlrsz 
Flat countersunk riveting, 
F5x/F or 15y/F ;by hand 
riveting also mushroom 
riveting,R/FSy ,R/15z 
z ~ : ..; lOt (((I': , 
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